This study investigated the effects of substituting boiled sunflower seed meal (BSSM) for soybean meal (SBM) on the organosomatic indices and histopathological changes in the liver, kidney and intestine of Clarias gariepinus juveniles for fifteen weeks. BSSM was substituted for SBM at 0, 20, 40, 60, 80 and 100% in formulating six isonitrogenous (40% crude protein) and isocaloric (4651.5 Kcal/kg) diets. Diets were fed twice daily to triplicate groups of 360 C. gariepinus juveniles inside eighteen rectangular tanks (20 fish per tank). The result showed that hepatosomatic index (HSI) was significantly highest (3.11%) in the fish fed 0% BSSM diet and lowest (0.87%) in those fed 100% BSSM inclusion. HSI values progressively decreased with increasing inclusion level of BSSM. Kidney-somatic index (KSI) was highest (0.74%) in fish fed 20% BSSM inclusion and least (0.32%) in those fed 100% inclusion. Intestino-somatic index (ISI) was superior (3.82%) in fish fed 100% BSSM inclusion and least (3.16%) in those fed 40%. The liver, kidney and intestine of fish fed 0 and 20% BSSM inclusions showed no visible signs of damage. However, fish fed higher BSSM inclusions (>20%) revealed extensive hepatic degeneration, periportal congestions and severe diffuse cytoplasmic vacuolations of hepatocytes. Kidney tubules of fish fed higher BSSM inclusions exhibited diffuse interstitial congestions, diffuse swelling, epithelial vacuolations and degeneration as well as necrosis. Intestinal changes in fish fed higher BSSM inclusions included reduced sub-mucosal width, markedly stunted villi, moderate erosion of villi's epithelia, hyperplastic villi, necrosis of enterocytes and inflammatory cells in villi's lamina propria. Inclusion of boiled sunflower seed meal beyond 20% in C. gariepinus' diet could cause adverse histological alterations.
INTRODUCTION
The success of fish farming partly depends on the quality and quantity of feed which accounts for about 70% of the total production cost while protein is the most essential and expensive component of aquaculture diets (Garza de Yta, 2012) . The formulation and production of commercial feeds for cultured fish have usually been based on fishmeal as the major protein source due to its high protein content and balanced essential amino acid profile. However, the availability of fishmeal in fish feeds can no longer be guaranteed because the capture fisheries are levelling off (FAO, 2011) . Besides, excessive demand for fishmeal has made its supply inadequate and it is relatively expensive. As a result, the price of fishmeal continuously rises and adversely affects the profitability of aquaculture enterprises (Sintayehu et al., 1996) . This has compelled fish culturists to constantly consider and explore alternative protein-rich dietary supplements that are cheap, locally available and nutritionally safe for use as fishmeal replacers in fish diets.
Similarly, soybean meal has always been the principal plant protein source used in animal feeds as a replacement for fishmeal owing to its high protein content and relatively well balanced amino acid profile (Sintayehu et al., 1996) . However, s oy b e a n m e a l h a s b e e n i n c r e a s i n g l y commercialised and variously used in human, livestock and poultry dietary formulations, hence its extensive utilisation as the main protein source in fish feeds may longer be economically viable (Siddhuraju and Becker, 2001) . Therefore, less competitive and locally available plant protein sources such as sunflower seed meal should be considered as an alternative to replace soybean meal without reducing the nutritional quality of the feed.
Sunflower (Helianthus annuus Linnaeus) seed is one of the important annual crops of the world grown https://dx.doi.org/10. 4314/ijs.v19i1.9 for oil. It has a nutritional quality comparable to most other oilseed proteins including soybean (Sintayehu et al., 1996) and its potential as a dietary protein source in animal feeds is well recognized (Olvera-Novoa et al., 2002) . Studies involving the utilisation of sunflower seed meal in the feeds of livestock, poultry birds and some other monogastric animals including fish are not as extensive as for soybean meal. However, for a plant protein ingredient to be included in aquafeeds, its utilisation should be tested in different fish species which differ in their sensitivity and response to anti-nutrients present in such plant protein sources (Chaudhuri et al., 2012) .
Histopathological changes have been widely used as biomarkers in the assessment of fish health status after their exposure to various chemicals/contaminants in the laboratory (Thophon et al., 2003) . One of the main advantages of using histopathological assessment is that the markers enable us to study the target organs, such as kidney, gill and liver, which perform important physiological functions, such as deposition and bio-magnification of chemicals as well as excretion in fish (Gernhofer et al., 2001) . Histological studies provide information on diet quality and metabolism as well as indicate the nutritional status of a fish (Caballero et al., 2004) . Organosomatic indices also constitute a useful tool in correlating the weight of the visceral organs, such as liver, kidney and intestine, with the body weight of fish. For instance, hepatosomatic index (HSI) has been used as an indicator of environmental risk and Yang and Baumann (2006) found a positive correlation between HSI and the c o n c e n t r a t i o n o f p o l y c y c l i c a r o m a t i c hydrocarbon (PAH) metabolites in fish. Environmental contaminants have potentially toxic effects on the aquatic ecosystems and fish are often significantly exposed to such toxic effects. The effect of pollution on fish is determined according to mortality, organosomatic indices, pathological symptoms, haematology and blood biology (Ali et al., 2014) . For an accurate and effective assessment of the effects of xenobiotic and anti-nutritional compounds in field and experimental studies, the proper monitoring of histological changes in fish liver is a highly sensitive approach (Shalaka and Pragna, 2013) .
Liver also shows specific histological changes with pollution and therefore it is a very good bioindicator of the effects of pollutants (or antinutritional compounds in the present study) on fish health status (Abdel-Moneim et al., 2012) .
Fish kidney performs endocrine, reticuloendothelial, haematopoietic and excretory functions. Assessment of histological tissues of fish kidney is a method required to establish the possible effects of various nutrient raw materials of plant and animal origin (Akhilesh et al., 2014) . Therefore, this study investigated the effects of substituting boiled sunflower seed meal (BSSM) for soybean meal (SBM) on the organosomatic indices and histopathological changes in the liver, kidney and intestine of Clarias gariepinus juveniles after fifteen weeks of feeding trial.
MATERIALS AND METHODS
Experimental design and formulation of boiled sunflower seed meal-based diets in replacement for soybean meal Six isonitrogenous diets (at 40% crude protein level) were formulated and prepared using Pearson's square method. Boiled sunflower seed meal (BSSM) was incorporated in the six diets at graded levels of 0%, 20%, 40%, 60%, 80% and 100% in replacement for soybean meal (SBM) with 0% being the control diet (Table 1) . Boiled 0 sunflower seed meal was prepared at 100 C for 15 minutes in a pressure cooker (Qlink Model No. 0 9000), oven-dried in a Gallenkamp oven at 60 C for 6 hours. Other ingredients included fish meal, groundnut cake, vitamin and mineral premix, bone meal, oyster shell, maize, cassava starch, salt and palm oil. The ingredients were measured and mixed together to formulate a 40% crude protein diet. Each diet mixture was extruded through a 3 mm die pelleting machine (Hobart A-200T GmbH, Rhen-Bosch, Offenbug, Germany) to form noodle-like strands, which were manually crumbled into a suitable size for the C. gariepinus juveniles. The pellets were sun-dried, packed in labeled polythene bags and stored in a cool dry place to prevent fungal growth. The gross composition of the experimental diets is shown in Experimental set-up and fish feeding trial The experiment was carried out using fifteen plastic tanks (60 cm × 45 cm × 30 cm) for 15 weeks in the research laboratory of the Department of Aquaculture and Fisheries Management, University of Ibadan, Nigeria. Each tank was supplied with well water up to 70% capacity which was replaced every three days to maintain relatively uniform physico-chemical parameters and prevent fouling from feed residues. The tanks were well aerated using air stones and aerator pumps. There were six dietary treatments and each had three replicates with 20 fish per replicate. The fish were weighed, distributed into experimental tanks and allowed to acclimatize for 14 days before the experiment. The experiment lasted for 15 weeks during which the fish were fed at 5% body weight (in two equal portions of 2.5%) twice daily. Weight changes were recorded weekly and feeding rates adjusted to the new body weight. (Potassium iodide): 106 mg; Anti-oxidant: 250 mg.
Collection of organs
Effects of dietary treatments on histology of liver, kidney and intestine of C. gariepinus juveniles were investigated. At the completion of the feeding trial (Adesina et al., 2013) , three fish samples were taken from each dietary treatment, weighed individually and injected with benzocaine at a concentration of 50 mg/L (Coyle et al., 2004) to anaesthetize them before dissection. The fish were dissected using a dissecting kit and images of internal organs were taken by means of a digital camera (Olympus CH XSZ-107BN) during dissection. After gross examination of the internal organs, the entire liver, kidney and intestine of each fish sample were removed, weighed separately and recorded for determination of organosomatic indices.
Organosomatic indices
The ratio of the weight of the liver, kidney and intestine in relation to the body weight of fish was calculated separately from the following organosomatic index formula (Ali, 2001):
Organosomatic index (%) = organ weight (g) x 100 fish body weight (g)
These formulae were used to calculate organosomatic indices of the liver, kidney and intestine respectively as follows:
Hepatosomatic index (HSI) = weight of liver (g) x 100 fish body weight (g) Kidney-somatic index (KSI) = weight of kidney (g) x 100 fish body weight (g)
Intestino-somatic index (ISI) = weight of intestine (g) x 100 fish body weight (g)
Histopathological analysis
Histopathological examinations were carried out to assess possible alterations in the intestines, livers and kidneys of the fish fed with the different experimental diets. The examinations were carried out at the Department of Veterinary Pathology Laboratory, Faculty of Veterinary Medicine, University of Ibadan, Nigeria, following Lynch's medical laboratory procedures. At the end of the experiment, three fish samples from each dietary treatment were used for the diagnostic histological analysis. The fish were injected with benzocaine at a concentration of 50 mg/L (Coyle et al., 2004) to anaesthetize them before dissection. They were then dissected using a dissecting kit and their whole intestines, livers and kidneys were carefully removed, washed with distilled water to remove blood stain and immediately pre-fixed in Bouin's fixative solution and later in 10% formalin solution for 48 hours. The organs were dehydrated in periodic acid Schiff "s reagent (PAS) following the method of Hughes & Perry (1976) in graded levels of 50%, 70%, 90% and 100% alcohol for 3 days, to allow paraffin wax to penetrate the tissue during embedding. The organs were then cleaned and embedded in melted wax and carefully sliced into thin sections with a rotatory microtome (5μm thick). The cut sections were again cleaned by placing them in warm water (38 °C) from where they were transferred into clean slides and oven-dried at 58 °C for 30 minutes to melt the wax and stained with Harris' haematoxylin-eosin (H and E) stain (Bancroft and Cook, 1994) . The slides containing sectioned tissues were cleaned using xylene and graded levels of 50%, 70%, 90%, 95% and 100% alcohol for two minutes each. The sections were again stained in haematoxylin-eosin for ten minutes and mounted in dipterex on glass slides. To obtain their photomicrography, the stained sections were examined and photographed at different magnifications (x40, x100 and x400) by means of a binocular light microscope (Olympus Japan 312545) fitted with a digital camera (Olympus CH XSZ-107BN), a photographic attachment (Olympus C35 AD4) and an automatic light exposure unit (Olympus PM CS5P).
Data analysis
Histopathological description of morphological changes and statistical analysis of indices were used to present the research findings. All data obtained in this work are presented as mean± standard deviation. Comparisons were made between the control and experimental groups. One-way ANOVA and Duncan's multiple range tests (Duncan, 1955) were used on SPSS statistical software (Version 16.0 for Windows; SPSS Inc., Chicago, USA) to detect the significant differences among the control and experimental groups. Differences were considered to be statistically significant at probability levels below 0.05 (i.e. p<0.05).
RESULTS

Organosomatic indices
Values of organosomatic indices of the liver, kidney and intestine of C. gariepinus juveniles are shown in Gross and microscopic examination of internal organs At the end of the feeding experiment, the liver, kidney and intestine samples appeared externally normal as no visible deformity was observed and they retained their normal colour appearance. However, microscopic examination of these organs revealed varying degrees of histological changes as a result of dietary treatments (Table 3 and Plates 1 to 18). Photomicrograph of a section of the liver of C. gariepinus juveniles fed 0% BSSMbased diet (control diet) showed no visible lesion except mild diffuse cytoplasmic vacuolations of the hepatocytes (Plate 1). Fish fed 20% BSSMbased diet showed fine moderate cytoplasmic vacuolations (arrow) in their hepatocytes (Plate 2). The liver of fish fed 40% BSSM-based diet had extensive hepatic degeneration and severe diffuse cytoplasmic vacuolations of hepatocytes (Plate 3). There were slight cytoplasmic vacuolations of hepatocytes in the liver of fish fed 60% BSSMbased diet (Plate 4). Some foci of mild diffuse cytoplasmic vacuolations of hepatocytes and periportal congestion (arrows) were observed in the liver of fish fed 80% BSSM-based diet (Plate 5). Fish fed 100% BSSM-based diet had severe diffuse cytoplasmic vacuolations (arrow) likely due to fatty infiltration of hepatocytes (Plate 6).
Photomicrographs of sections of the kidneys of fish fed 0% and 20% BSSM-based diets showed no visible lesions in their renal tubules (Plates 7 and 8). The kidneys of fish fed 40% BSSM-based diet revealed diffuse interstitial congestions as well as swelling and degeneration of the epithelia of the kidney tubules (arrows) (Plate 9). The kidney sections of fish fed 60% BSSM-based diet showed diffuse swelling and degeneration of the epithelia of the kidney tubules as well as necrosis; the affected degenerate tubular epithelia also contained vacuoles (arrow) (Plate 10). There were some foci of tubular epithelial degeneration in the kidneys of fish fed 80% and 100% BSSM-based diets (Plates 11 and 12).
Photomicrographs of sections of the intestines of fish fed 0% and 20% BSSM-based diets showed no visible lesions (Plates 13 and 14). The intestine of fish fed 40% BSSM-based diet showed reduced sub-mucosal width and short villi (Plate 15). There were very long hyperplastic villi (Plate 16) in the intestines of fish fed 60% BSSMbased diet. Markedly reduced and stunted villi were observed in the intestines of fish fed 80% BSSM-based diet (Plate 17). The intestines of fish fed 100% BSSM-based diet showed moderate sloughing off/erosion of the epithelia of villi, necrosis of enterocytes and presence of moderate amounts of inflammatory cells in the lamina propria of the villi (Plate 18). Plate 9: Photomicrograph of a section of the kidney of Clarias gariepinus juveniles fed 40% BSSM-based diet showing diffuse interstitial congestions as well as swelling and degeneration of the epithelia of the kidney tubules (arrows) (H and E; x100).
Plate 10: Photomicrograph of a section of the kidney of Clarias gariepinus juveniles fed 60% BSSM-based diet showing diffuse swelling and degeneration of the epithelia of the kidney tubules as well as necrosis; the affected degenerate tubular epithelia also contain vacuoles (arrow) (H and E; x100).
Plate 11: Photomicrograph of a section of the kidney of Clarias gariepinus juveniles fed 80% BSSMbased diet showing tubular epithelial degeneration (arrow) (H and E; x100).
Plate 12: Photomicrograph of a section of the kidney of Clarias gariepinus juveniles fed 100% BSSM-based diet showing some foci of tubular epithelial degeneration (arrows) (H and E; x400).
Plate 13: Photomicrograph of a section of the intestine of Clarias gariepinus juveniles fed 0% BSSM-based diet (control diet) showing no visible lesion (arrow) (H and E; x100).
Plate 14: Photomicrograph of a section of the intestine of Clarias gariepinus juveniles fed 20% BSSM-based diet showing no visible lesion (arrow) (H and E; x100).
Plate 15: Photomicrograph of a section of the intestine of Clarias gariepinus juveniles fed 40% BSSM-based diet showing reduced sub-mucosal width and short villi (arrow) (H and E; x100).
Plate 16: Photomicrograph of a section of the intestine of Clarias gariepinus juveniles fed 60% BSSM-based diet showing very long hyperplastic villi (arrows) (H and E; x100).
Plate 17: Photomicrograph of a section of the intestine of Clarias gariepinus juveniles fed 80% BSSM-based diet showing markedly reduced and stunted villi (circle) (H and E; x100).
Plate 18: Photomicrograph of a section of the intestine of Clarias gariepinus juveniles fed 100% BSSM-based diet showing moderate sloughing off/erosion of the epithelia of villi (arrows), necrosis of enterocytes and presence of moderate amounts of inflammatory cells in lamina propria of the villi (H and E; x100).
DISCUSSION
Organosomatic indices C. gariepinus fed graded levels of BSSM diets
As the liver is a target organ for metabolism in the fish body, the liver index (HSI) is a useful biomarker to detect the hazardous effects of the environmental stressors (Pait and Nelson, 2003) . Hepatosomatic index (HSI) of the liver is a considerable potential tool used by fish biologists to assess the toxicity situation of the exposure of fish to any toxicant as well as a management tool for evaluating growth or health status of various fish species in different environments (Hoque et al., 1998) . The increase in HSI value in an ideal environment is related to normal liver growth but, in cases of pollution, liver enlargement is associated with hyperplasia (Hoque et al., 1998 Histopathological observations on C. gariepinus fed graded levels of BSSM diets Examination of the liver, kidney and intestine was done because of their physiological importance during absorption and metabolism of chemicals (Roberts, 1989) . Evaluation of histological structure of digestive organs in fish fed new dietary ingredients generates valuable information about their digestive capacity and the potential health effects of such diets (Diaz et al., 2006) . Incorporating different inclusion levels of boiled sunflower seed meal (BSSM) in the diets of C. gariepinus juveniles in this study caused varying degrees of histopathological changes in their liver cells (hepatocytes) such as mild and severe diffuse vacuolations of the hepatocytes, vacuolar degeneration, some loci of extensive fatty infiltration, extensive hepatic degeneration and periportal venous congestion. These observations agree with those of Uwachukwu et al. (2003) who reported that diets containing raw beans caused extensive periportal necrosis with some mononuclear cell infiltration in the livers of broilers while the centrilobular areas showed vacuolation and degeneration of hepatocytes. Olasunkanmi (2015) also observed that C. gariepinus fed processed velvet beans showed both mild diffuse and marked widespread vacuolation of the hepatocytes. Vacuolated hepatocytes are usually accumulated with glycogen and have little or no regenerative ability (Nayak et al., 1996) and the excessive vacuolation of the hepatocytes would result in abnormal functioning of the liver cells, for example, immobilization of fat, which could consequently result in fatty infiltration of the hepatic parenchyma (Adeyemo, 2005) .
The result of the present study closely supports the finding of Hlophe and Moyo (2014) who observed that C. gariepinus fed high moringa leaf meal inclusion levels (>50%) showed an increase in the number of degraded irregularly shaped hepatocytes, small dark pyknotic nuclei, poor fatty deposition and isolated necrosis. Despite similar protein and energy levels in the experimental diets, liver histology showed that fish fed higher BSSM inclusion levels had necrotic signs associated with poor nutritional status (Tusche et al., 2012) . The malnutrition signs observed in C. gariepinus fed higher levels of BSSM might be due to nonavailability of protein and amino acids that have bound with or have formed indigestible complexes with the anti-nutritional compounds in the sunflower seed meal. As a result of the poor digestibility, a substantial portion of the essential dietary nutrients was not available to the fish and was subsequently excreted. This explains the nutritional necrosis observed in the hepatocytes.
In the present study, the lesions observed in the liver might probably have resulted from the excessive work load done by the liver of the experimental fish during the processes of detoxification and removal of toxicants from its body. In this situation, anti-nutritional substances present in sunflower seed meal must have been responsible for the observed histopathological changes in the liver sections.
Utilisation of BSSM-based diets by C. gariepinus also resulted in some histological changes in its kidney which included some loci of tubular epithelial degeneration, diffuse interstitial congestions and tubular degeneration as well as necrosis. Olasunkanmi (2015) also observed a marked congestion in the kidneys of C. gariepinus juveniles fed diets containing higher inclusion levels of processed velvet beans and associated such changes with ingestion of a high percentage of velvet bean meals which imposed stress on the organ above its physiological capacity. Benjamin (2009) earlier reported that congestion of the kidney tubules is the first stage in the development of kidney disease.
Most common alterations found in the kidneys of fishes are tubule degeneration, dilation of capillaries in the glomerulus and reduction of Bowman's capsular space (Takashima and Hibya, 1995) . The presence of tubule disruption and necrosis in the kidney of fish fed higher BSSM inclusions indicates that the kidney suffered some damage which could be attributed to the presence of anti-nutritional substances in the BSSM.
The observed sections of the intestines of C. gariepinus juveniles fed boiled sunflower seed mealbased diets indicated mild histopathological changes such as reduced submucosal width, slightly reduced and stunted villi as well as moderate erosion of the epithelia of villi. This result agrees with that of Hlophe and Moyo (2014) who observed that the intestine histology of C. gariepinus fed diets containing higher moringa leaf meal inclusion levels (>50%) showed significantly shorter villi. The decrease in villi height resulted in reduced surface area for nutrient absorption (Da Silva et al., 2012) . The longer villi found in fish fed lower levels of sunflower seed meal in the diet indicate a larger surface area and consequently higher efficiency of the intestine during nutrient absorption (Da Silva et al., 2012) . This was corroborated by the better growth performance of fish fed with these diets at lower inclusion levels as reported by Adesina et al. (2013) . Necrosis and mucosal degeneration may affect the permeability and absorption of substances across the stomach and intestinal walls. This may suggest that C. gariepinus, being an omnivore, is more capable of utilising plant diets than carnivorous fish.
CONCLUSION
Histological examinations of the thin sections of the liver, kidney and intestine of C. gariepinus fed graded levels of BSSM-based diets revealed changes which varied from mild to severe lesions and few anatomical alterations, particularly at the higher levels of BSSM incorporation. Histological analysis indicated that C. gariepinus was more stressed as the level of inclusion of boiled sunflower seed meal in the diets increased. Antinutritional factors (tannin, oxalate and phytate) were most probably responsible for the poor performance of the BSSM-based diets. Further studies should be conducted on the specific role of each anti-nutrient during absorption and utilisation of nutrients as well as more effective methods of processing that will significantly reduce the levels of anti-nutritional components
